A pot experiment was carried out during successive seasons of 2015 and 2016 to investigate the effect of water stress on growth, nutritional and biochemical status of two pomegranate seedlings (Early 116 and wonderful) as in Egypt. The experimented seedlings were obtained from cuttings of two pomegranate varieties, namely Early 116 as well as wonderful. One year old pomegranate seedlings were grown in pots filled with sandy soil under greenhouse conditions, where they subjected to four water levels, 100% of field capacity (control), 80%, 60% and 40% of available water. The results indicated that the maximum values of vegetative growth parameters (shoot length, number of sprouted shoots as well as leaf surface area) were obtained when the plants were irrigated with 100 % of field capacity, while the minimum values were recorded at 40 % of available water. Wonderful seedlings gave the highest values of tested growth parameters at all water levels as compared with Early 116 variety. The decrease in irrigation water levels led to increase the hard leaf character, proline content, while leaf succulence grade and relative water content were increased by increasing the given amount of irrigation water in both pomegranate varieties. Although the two tested varieties accumulated high values of proline in their leaves when subjected to water stress (80%, 60% and 40% of available water), but the Wonderful variety accumulated high values of proline content under water stress treatments as compared with Early 166 variety . Therefore, Wonderful variety might be more tolerant to drought than Early 116 variety. The content of some macronutrients (N, P and K %) and micronutrients (Fe, Zn, Mn and Cu mg/kg) in leaves of both varieties were decreased by decreasing irrigation water levels. The highest significant values of some macro and micronutrients were found with control treatment (100 % field capacity), while the lowest values of these nutrients were found at sever water stress (40 % available water).On the other hand, Wonderful seedlings significantly showed a higher content of N, P, K, Fe, Zn, Mn and Cu under all water irrigation treatments than those of Early 116.
INTRODUCTION
Pomegranate (Punica granatum L.),belongs to the family Punicaceae and is a very interesting fruit plant species from a commercial point of view due to its adaptation to a wide range of climates and soil conditions. Commercial orchards of pomegranate trees are now grown in many regions of the world, including the Mediterranean Basin countries (Holland et al., 2009) .There are many local varieties in Egypt such as Manfalouty, Wardy, Nab El-Gamal, El-Araby and recently foreign (Spain) varieties like Early 116 and wonderful, which introduced to Egypt. Wonderful variety is known for its unusual sweet flavor, outstanding red color and exceedingly long shelf-life (up to three months in cold storage). Early 116 pomegranate variety have a citrus like taste and is very juicy, high rate of acid and earlier existing than wonderful. Pomegranates are fairly drought resistant but require normal watering to produce good fruit crops (El-Kassas et al., 1992) .Pomegranate trees are a rustic crop, with low water and nutrient demands. Water restrictions limit the growth of new buds, shoots and trunks, in young and adult plants (Moriana and Fereres, 2002) . Generally, nutrients uptake by crop plants grown in soil is greatly influenced by several factors including climate and water stress, where water stress affects nutrient transportation to the root and root growth. However, crop species and genotypes within a species are known to differ in their ability to take up nutrients under drought stress conditions (Garg, 2003) . Drought stress depresses plant growth and development, which results in the production of smaller organs, and hampered flower production and grain filling. Following drought, stomata close progressively with a parallel decline in net photosynthesis and water use efficiency (Farooq et al,. 2009 ).There is extensive literature indicating that drought stress induces an accumulation of proline (Bradford and Hsiao, 1982) , suggesting that the amino acid may be a useful early indicator of drought stress effects, although there is evidence in the literature that proline accumulation seems to occur only when plant growth is already retarded by drought stress (Aspinall, 1986 ). There were wide climatic differences between years and 2008 were found to be more dry and hot compared to 2007. The proline content varied among pomegranate varieties and particularly years. In year 2007, average proline content of three pomegranate varieties were 30 mg/l while it was 93 mg/l in year 2008, indicating that climatic change affects proline accumulation in pomegranate fruits and in hot and dry years, proline accumulation in fruits increases. (Hanim and Nesrin 2009) . Under deficient irrigation, pomegranate plants develop mechanisms to avoid and tolerate stress (Rodríguez et al., 2012) .One of hypothesis is that drought resistant genotypes will maintain high nutrient uptake under drought conditions and this ability will be a part of the reason for their drought tolerance and improved yield under drought conditions (Junjittakarn et al., 2013) .Under the conditions of water scarcity, the cultivation of crops more tolerant to drought and use less water, especially in the newly reclaimed soil must be taken into consideration. Therefore, the main goal of this experiment is to study the effect of water stress at different irrigation levels on some vegetative growth parameters, proline content, some macro and micronutrients content (N, P, K, Fe, Zn, Mn and Cu) and some water relations in leaves of pomegranate seedlings (Early 116 and wonderful).
MATERIALS AND METHODS
The current investigation was carried out during seasons of 2015 and 2016 in the green house of the research farm of Horticulture Department, Faculty of Agriculture, Al-Azhar University, Cairo, Egypt, to study the effect of different irrigation levels on vegetative growth, proline, N, P, K, Fe, Zn, Mn, Cu and some water relations in leaves of Early 116 and wonderful pomegranate seedlings as newly varieties in Egypt. The plants were obtained as cuttings and were planted in the field for one year. The uniform and healthy of one year old seedlings of both pomegranate varieties were chosen as plant material for this study. The irrigation treatment consisted of three replicates, each replicate consisted of three plants. The pomegranate plants were planted on 15 th February 2015 and 2016, in pots capacity of 7 kg and 30 cm in diameter, which filled with a mixture of 6.8 Kg sandy soil and 0.2 kg compost per pot before planting. The pomegranate plants were irrigated with tab water for 15 days before starting the main treatments of irrigation water. The irrigation treatments were carried out by weighing the pots every three days and adding the depleted amount of water during the whole period of experiment to attain the percentage of moisture in the treatment. The analysis of soil, water and compost used were done according methods described by Jackson (1973) and presented in Table1and 2(a, b). Ahmed and Morsy (1999) as follows:
Leaf area = 0.41 (Leaf length (cm) × width (cm) +1.83 = --cm 2 Water relations of leaves: Some water relations of leaves were measured as follows: Relative water content (R.W.C): Leaf disks (1 cm2) were taken from adult leaves (the fourth distal adult leaf) at cessation of growth and weighed, then put in distilled water for 45 minutes and weighed. Leaf disks, thereafter were dried at 70oC for 24 hrs. The saturated disks were used to calculated the relative water content (R.W.C) using the following equation according to Nomier (1994) .
Original fresh weight -dry weight R.W.C. = --------------------------------------------× 100
Saturated weight-dry weight Hard leaf character (H. L. C.):Samples of 9 fully developed leaves (3 replicate × 3 plants) located at the third or fourth apical node were taken on Sept. 29 th of each seasons and devoted for measuring the water relation parameter according to Youssef (1990) . The hard leaf character was measured according to the following equation as described by Abdel-Razik and Abd-Raboh (2007) . Succulence grade (S.G): The succulence grade was determined according to the following equation as described by Nomier (1994) .
Leaf water content (mg) S.G= ----------------------------= (mg water content / cm 2 of leaf area).
Leaf area (cm 2 ) 2. Proline content: Proline content (%) as a biochemical leaf character was colorimetrically measured according to method described by Bates et al., (1973) as follows: Mature fresh leaf sample (0.5 gm) was homogenized by grinding in 10 ml of 3% (w/v) of sulphosalicylic acid. The mixture was then filtered through Whatman No.1 filter paper. The filtrate (2 ml) was added to 2 ml ninhydrin reagent and 2 ml glacial acetic acid and then the mixture boiled on water bath at 90 •C for 30 min. The boiled mixture was allowed to cool at room temperature. The mixture was extracted with toluene, and then colourimetrically estimated at 520 nm using spectrophotometer. The proline concentration in the sample was determined from a standard curve using analytical grade proline.
Some macro and micronutrients in leaves:
The content of some macronutrients (N, P, K %) and micronutrients (Fe, Mn, Zn Cu mg/kg) were estimated in leaves of pomegranate. leaves plant samples were washed with distilled water and dried at 70oC in an air forced oven for constant weight. Dried plant samples were digested in mixture of HClO4and H2SO4 acids according to the method described by Allen (1974) .The contents of N, P, K, Fe, Mn, Zn and Cu were estimated in the acid digested solution. Total nitrogen was determined by Kjeldahl method and phosphorus content was determined by colorimetric method (ascorbic acid) using spectrophotometer according to Jackson (1973) . Potassium content was determined photo-metrically using Flame photometer as described by Chapman and Pratt (1961) . The micronutrients (Fe, Mn, Zn and Cu) were determined by Inductively Coupled Plasma Spectrometer (ICP) plasma 400. Statistical Analysis: A complete randomized block design was followed and the analysis of variance (ANOVA) was performed using ANOVA Co-stat software according to Stern (1991) .
RESULTS AND DISCUSSION

Effect of different water stress on vegetative growth parameters: Shoot length:
Data in Table 3 show a decrease in shoot length (cm) during the growth period under different water stress (80%, 60% and 40% of available water) compared with those of control treatment (100% of field capacity) in the two studied pomegranate varieties. The results showed that shoot length parameter significantly declined by decreasing the irrigation water levels, where planted irrigated with 100% of field capacity gained the maximum of shoot length followed in descending order by 80%, 60% and in last 40% of available water, which possessed of the lowest values. Under water stress treatments or control treatment (100 % of field capacity), Wonderful seedlings possessed the highest values of shoot length compared with Early 116 variety. Therefore, Wonderful seedlings were superior to Early 116 at different irrigation levels in the two studied seasons. These results could be enhanced by Mezghani et al. (2012) , they concluded that under deficit irrigation regimes, where the requested amounts of water are not applied, many problems can arise affected such as shoot growth, root development, water and mineral uptake by young and old olive transplants. The difference in plant growth between the two varieties as affected by water stress may be due to the hormonal balance as explained according to Webster et al., 2000 and Liu et al., 2005 .They explained that water stress decreased the cytokinin transport from root to shoots and increased the amount of leaf abscisic acid. These changes in hormone balance caused a reduction in shoot growth and leaf enlargement and expansion. On the other hand, accumulation of abscisic acid in roots induced by soil drying might play the main hormonal role regarding drought tolerance. Where, increase concentrations of abscisic acid in the root may maintain root growth and lead to an increase in water uptake by increasing the permeability of root tissues to water and thereby postpone the development of water deficit in the shoot. Also, root abscisic acid is also transported in the xylem to the shoots, where it causes stomatal closure and reduced leaf expansion, thereby preventing dehydration of leaf tissues and enhancing the chance for survival under prolonged drought. 
Number of sprouted shoots:
Data in Table 3 indicated that plants that received 100% of field capacity possessed the highest values of sprouted shoots compared with other treatments, where these values were decreased by decreasing the available water up to 40%, which possessed the least values. Also, Wonderful variety was superior to Early 116 at all different irrigation levels (stress or non-stress treatments) in the two studied seasons. Similar results was found by Bugueño et al., (2016) , they reported that canopy growth of pomegranate was at a maximum when soil watering was equivalent to 100% or 130% of evapotranspiration (Etc.). On the other hand, plants subjected to water deficits have been known to modify their patterns of water absorption, transpiration, enzyme activity and photosynthesis, interfering directly with the development of new shoots and canopy expression (Nortes et al., 2005) .Reducing the number of new shoots could be a phenomenon by the plants to minimize the transpiration surface hence the water lost to the atmosphere, where water deficits decrease leaf growth by slowing rates of cell division and expansion due to turgor loss and increased synthesis of abscisic acid (Tezara et al., 2002) .
Leaf area:
Data in Table 3 showed that leaf area (cm 2 ) of both tested pomegranate varieties was decreased by decreasing the available water levels. Under different irrigation levels the highest values of leaf area can be arranged in the descending order, 100% of field capacity> 80% > 60% > 40% of available water, respectively. Plants received 100% of field capacity possessed the highest values of leaf area, while the plants that irrigated with 40% of available water gave the lowest values. In this regard, Wonderful pomegranate variety was superior to Early 116, since it possessed the highest values of leaf area compared with those of Early 116, which gained the least values in the two studied seasons. These results are in agreement with those obtained by Egea et al., (2013) who found that reduction of the leaf area has been already reported for almonds and peach seedlings under water stress. Our results also are in harmony with the conclusion given by Abou El-Wafa (2002) who noticed that, pomegranate transplants leaf area possessed the highest values of growing under lower water stress as compared with higher water stress. The ability of Wonderful seedling on possessed higher leaf surface area at all water levels than those of Early 116 variety may be explained according to Webster et al., (2000) , they concluded that water stress decreased the cytokinin transport from root to shoots and increased the amount of leaf abscisic acid.
These changes in hormone balance caused a reduction in shoot growth and leaf enlargement and expansion.
In conclusion, all tested vegetative growth parameters (shoot length, shoot number as well as leaf area) of both varieties were negatively affected by reducing water levels since plant that received 100 % of field capacity possessed the highest values of these parameters followed in descending order by 80%, 60% and finally 40% of available water, which possessed the least values of the above-mentioned parameters. Effect of water stress on some water relations of leaves Succulence grade (SG).
Data in Table 4 indicated that the leaf succulence grade (leaf moisture mg /1 cm 2 of leaf blade) of Early 116 and wonderful pomegranate plants was significantly affected by different irrigation treatments. Leaf succulence grad increased by increasing the given amount of irrigation water in both pomegranate plants, where succulence grade is attaining the maximum value under the effect of 100 % of field capacity, which indicated that the leaf cells showed to be completely turgid, while the lowest values were obtained at 40 % of available water . On the other hand, leaves of Wonderful variety gave the highest values of succulence grade than Early 116 variety under all irrigation water levels. Also, Wonderful pomegranate variety showed higher succulence grade of leaves under the three irrigation regimes condition (80%, 60% and 40% of available water) than Early 116 in the two seasons. Therefore, leaves of Wonderful variety might be more tolerance to drought than Early 116 variety . The results are in harmony with those obtained by Abdel-Razik (2011), who found that succulence grade was increased as the available water increased. Those obtained by Abo -Taleb et al., (1998) on some pomegranate varieties and Hassan (1998) on olive and pomegranate transplants. 
Hard leaf character (HLC).
Data illustrated by Fig. 1 show that hard leaf character (HLC) of pomegranate varieties (Early 116 and wonderful) was significantly affected by different irrigation treatments. Hard leaf character increased gradually by reducing the amount of given irrigation water. In other words, hard leaf character attained the lowest value by 100 %of field capacity and increased gradually by decreasing the amount of irrigation water to 80%, 60 % and 40% of available water treatments. The increase in HLC values due to reduction in given amount of irrigation water means that dry substances of leaf increased, hence protect the leaves against drought (Al-Khateeb, 1996) .The present results are in agreement with those obtained by Tahir et al., (2003) on mango, who found that the hard leaf character increased gradually by reducing the amount of irrigation water. Hard leaf index was positively affected by lowering the irrigation regimes. It could be concluded that when the given irrigation water decreased, hard leaf character (dry weight /cm 2 of leaf) increased.
Fig. 1. Effect of water stress on hard leaf character (HLC) of both Early 116 and Wonderful pomegranate seedlings in 2015 and 2016 seasons. Relative water content of leaf
The increase in values of the relative water content (RWC %) indicates that the plant has got its need from water to accomplish the different plant physiological functions. Relative leaf water content (RWC) is an integrative index of plant water status, which is used to evaluate the tolerance to water stress. Reduction in RWC under drought stress leads to stomatal closure, which further resulting in decreased CO 2 assimilation (Gindaba et al., 2004) . Data in Table 5 showed that relative water content (%) of pomegranate tested varieties leaves was increased as amount of added irrigation water increased. This was true in the two pomegranate Early 116 and wonderful plants. Data showed that RWC values were significantly reduced by decreasing the amount of added irrigation water. Therefore, the treatment at 100 % of field capacity showed the maximum significant RWC values compared with that were got at 80 %, and 60 % or 40% of available water. Hence, the leaves of studied pomegranate varieties might suffer from water deficit stress when treated with 80 % of available water or with that less than 60 % or 40% of available water. These results are in agreement with those obtained by Tahir et al., (2003) on mango, who found that water saturation deficit was decreased by increasing soil moisture. Similar results were also reported by Abdel-Razik (2011) and Khalifa (2013) , they found that mango plants produced low values of relative water content as a result of high water deficit.
Based on the above results we concluded that, the highest values of tested growth parameters (shoot length, number of new sprouted shoots and leaf area) of two pomegranate varieties under the effect of different irrigation levels were increased as a result of increasing available water and can be arranged in the descending order, 100% of field capacity> 80% > 60% > 40% of available water, respectively. In contrast, the hard leaf character was arranged in the descending order40% > 60%>80%of available water> 100% of field capacity, respectively. While succulence grade and relative water content in leaves take the same trend as mentioned with growth parameters. Also, wonderful seedlings were superior on Early 116 at all irrigation water levels. 
Proline content (%):
Data in Fig.2 indicate that plants of the two tested varieties accumulated high values of proline when subjected to water stress (80%, 60% and 40% of available water) as compared with control treatment (100% of field capacity). Therefore, the lowest value of proline accumulation was obtained at 100% of field capacity, while the highest value was recorded at 40% of available water. Differences between two varieties concerning proline content (%) in pomegranate leaves were insignificant in the two seasons. Wonderful seedlings produced the higher proline level in their leaves at all levels of irrigation water in the two seasons than those obtained with Early 116 variety. In this concern, production of high proline content in the leaves indicates that such plant is more tolerant to drought than that of low proline content. It could be concluded that Wonderful variety more tolerant to drought than Early 116variety .These results were in agreement with those obtained by Abdel-Razik and Abd-Raboh (2007) and Abdel-Razik (2011), who found that mango plant produced a highest values of proline as a result of high water stress. 
Leaf macronutrients (N, P and K) content: Nitrogen content (%)
The results in Table 6 show that the highest significant values of leaf nitrogen content were obtained at irrigation level of 100% of field capacity, while the lowest significant nitrogen values were obtained at irrigation level of 40% of available water. This was true for the two pomegranate plants and two seasons. Moreover, Wonderful seedlings possessed higher significant values of leaf nitrogen content than Early 116 at all water stress (80%, 60% and 40% of available water) or at control treatment (100%field capacity).These results are in harmony with those obtained by Tahir et al., (2003) , they found that leaf nitrogen content was decreased by decreasing the available water percentage. They added that, under soil water stress, nitrogen solubility was decreased and the plant did not receive the necessary nitrogen amount. Similar results were also reported by Khattab et al., (2011) , they found that leaf nitrogen percentage of pomegranate increased by increasing irrigation water level. It is interesting to say that under drought stress conditions, the available soil N (NO 3 and NH 4 + ), N 2 fixation, nitrogen uptake and nitrogen use efficiency will be greatly decline and such reduction leads to low N accumulation and consequently low dry matter production and low crop yield as recorded by many investigators (Pimratch et al., 2008; Hoseinlou, 2013and Pimratch et al., 2013 . 3.4.2. Phosphorus content (%) Table 6 showed that the highest values of leaf phosphorus content were obtained when the plants of the two varieties were irrigated with 100% of field capacity, while the lowest values were noticed at irrigation level of 40 % of available water. Differences between the two studied varieties in two seasons were significant at all irrigation levels. Similar findings were observed by Luvaha (2005) and Abdel-Razik (2011) on mango rootstocks and Junjittakarn et al., (2013) on peanut genotypes, they found that, phosphorus content in leaves of mango and shoot of peanut genotypes were significantly reduced by decreasing irrigation level.
They stated that water deficit negatively affected on nutrient uptake and transport. As mentioned before with nitrogen, also Wonderful seedlings were superior to Early 116 on phosphorus content at all irrigation levels, whether at water stress levels (80%, 60%, 40% of available water) or at control treatment (100% of field capacity). These results were agreement with Junjittakarn et al., (2013) they found that, under different water regimes (field capacity, 2/3 and 1/3 available water), peanut genotypes that showed the high uptake of nitrogen also showed increases in the uptake of other nutrients including phosphorus.
Potassium content (%)
Data in Table 6 also show that leaf potassium content in the two studied pomegranate varieties were increased by increasing water availability. The highest values of potassium content were found at irrigation level of 100% of field capacity followed in descending order by 80%, 60% and 40% of available water for the two studied pomegranate varieties and two seasons. Also, Wonderful seedling leaves significantly showed higher potassium content under all water stress treatments than those of Early 116 seedlings. The present results are agreement with those obtained by Abdel-Razik and Abd-Rabboh (2007) on mango rootstocks and Khattab et al., (2011) on pomegranate, they found that potassium content in leaves was significantly reduced by decreasing irrigation rate. It is worth to be mentioned that higher soil moisture usually means greater availability of K, where increasing soil moisture increases movement of K to plant roots and enhances availability of potassium. Also, under such kind of drought conditions, it can be clarify that enhancing the concentration of K in plants body parts could be of significant importance for obtaining high sustainable yield under drought situation (Valadabadi and Farahani, 2010) . In conclusion, the content of macronutrients (NPK) in leaves of two studied pomegranate (Early 116 and Wonderful) were significantly affected by available water levels, where the highest values of these nutrients were found at high irrigation level, while the lowest values were recorded at the low available water. Wonderful variety was superior to Early 116 at all studied irrigation water levels. The high content of these nutrients in leaves of Wonderful variety was found at the highest available water (100 % of field capacity). In contrast, the low content of NPK was recorded in leaves of Early 166 variety at the lowest available water (40% of available water). There is a general significant positive effect on the percent of N, P and K in leaves due to increasing available soil water. These results may be led to the conclusion that nutrient content was retarded under water stress condition, where a substantial decrease in transpiration rates and impaired active transport and membrane permeability and resulting in a reduced root absorbing power of plant. So depletion of soil moisture level caused a reduction in leaf mineral content. These results are confirmed by many investigators such as Kirnak et al., (2001) genotypes, they mentioned that, there is a general significant positive effect on the percent of N, P and K in leaves of these plants due to increasing available soil water and vice versa. Leaf micronutrients (Fe, Mn, Zn and Cu mg kg -1 ) content: Table 7 showed the effect of different available water levels on some micronutrients (Fe, Mn, Zn and Cu) content in levees of pomegranate varieties (Early 116 and Wonderful) in two seasons of 2015 and 2016. The results showed that plants that irrigated with 100% of field capacity (control) gave the highest significant values of Fe, Mn, Zn and Cu followed by 80 and 60 % and finally 40% of available water, which possessed the lowest significant values. In other words, decreasing available water levels caused a decreasing in the content of Fe, Mn, Zn and Cu in leaves of the two studied pomegranate varieties. The low content of micronutrients (Fe, Mn, Zn and Cu) in leaves of two pomegranate varieties under water stress can be explained on the negative effects of water stress on mineral nutrition (uptake and transport of nutrients), where water stress decreased the availability of moisture in the soil and this consequently decreased the availability of nutrients and intern affected the absorption of nutrients (Mengel and Kirkby, 2001; Hu and Schmidhalter, 2005; Amtmann and Blatt, 2009 ).The results also showed that under all irrigation levels (100% of field capacity, 80%, 60% and 40% of available water), leaves of Wonderful variety contains higher values of these nutrients than Early 116 in the two seasons. On the other hand, the high content of micronutrients in leaves of Wonderful seedlings as compared with Early 116 under water stress treatments (80%, 60% and 40% of available water) may be due to its ability on adaptation and tolerant of water stress conditions by accumulation of abscisic acid in roots, where increased concentrations of this hormone in the root induced by soil drying may maintain root growth and lead to an increase in water uptake by increasing the permeability of root tissues to water and this consequently increased the uptake of nutrients (Liu et al., 2005) . Based on the above results of nutrients (macro and micro), we concluded that nutrients uptake by roots and their translocation to shoots were retarded under water stress condition, where a substantial decrease in transpiration rates and impaired active transport and membrane permeability and resulting in a reduced root absorbing power of plant as mentioned by Marschner (1995) , Alam (1999) , Baligar et al., (2001) and Khattab et al., (2011) . So depletion of soil moisture level caused a reduction in leaf mineral content. Means followed by the same letter (s) are not significantly different at 5%.
